Objective: HIV-infected patients in Africa are vulnerable to severe recurrent infection with Streptococcus pneumoniae, but no effective preventive strategy has been developed. We set out to determine which factors influence in-hospital mortality and long-term survival of Malawians with invasive pneumococcal disease.
Introduction
It has been known for a decade that Streptococcus pneumoniae is an important pathogen in HIV-infected adults in Africa [1] , causing a high incidence of bloodstream and recurrent infections [2] . HIV-infected patients in the United States have also been shown to have an increased incidence of bloodstream [3, 4] and recurrent pneumococcal infections, with these infections exhibiting a wider spectrum of associated clinical features [5] , including infection in atypical sites [6] , compared with immunocompetent adults [7] . A decreased incidence of pneumonia and pneumococcal infections has recently accompanied the increased use of highly active antiretroviral therapy (HAART) in the United States [8] . HAART is currently unavailable in most of Africa, however, as a result of both the cost of the drugs and problems associated with drug delivery. Furthermore, the available 23-valent pneumococcal polysaccharide vaccine has been shown to be ineffective in HIV-infected adults in a vaccine trial in Uganda [9] . Antibiotic prophylaxis against bacterial infections is not widely used in HIV-infected adults because of issues of cost, drug delivery, high baseline levels of antibiotic resistance, and the risk of increasing drug resistance [10] . An increased understanding of the presentation and prognosis of pneumococcal disease in HIV-infected African adults may help in planning alternative approaches aimed at decreasing the disease burden.
Malawi is an underdeveloped country in sub-Saharan Africa, with an estimated seroprevalence of HIV of 35% among urban-dwelling adults [11] . We showed that in Blantyre, Malawi, S. pneumoniae was the most common cause of bacterial meningitis [12] , and was a major cause of bacteraemia [13] among adult inpatients.
We now report both the acute mortality and long-term survival of HIV-infected Malawian patients admitted to hospital with invasive S. pneumoniae disease presenting as pneumococcal meningitis, bacteraemic pneumonia and bacteraemia without a detectable clinical focus. None of these patients was treated with antiretroviral therapy or antibiotic prophylaxis.
Materials and methods

Study site
The Queen Elizabeth Central Hospital, Blantyre, Malawi is a large government teaching hospital that serves the southern region of Malawi. Approximately 395 000 outpatients are seen in the emergency department each year, and 9800 adults are admitted from there to the non-fee-paying medical wards. Since the advent of the HIV pandemic, the numbers of admissions have increased fourfold [14] , with the number of cases presenting with meningitis increasing eightfold [15] . The seroprevalence of HIV among medical inpatients in a sample of 758 patients in 2000 was 75% (D. Lewis, personal communication).
Patient recruitment and case definitions
All adults admitted to the medical wards during an 18-month period (October 1997 to March 1999) with a temperature greater than 37.58C had samples collected for blood culture at the time of admission, along with clinical details on a standard proforma. In addition, patients with clinical features consistent with meningitis (two of the following: fever, headache, neck stiffness, altered consciousness) were recommended to have diagnostic lumbar puncture. If S. pneumoniae was identified in any of these samples, patients were recruited with informed consent to an observational study of clinical features and disease outcome.
Patients were defined as having pneumococcal meningitis if S. pneumoniae was identified in the cerebrospinal fluid (CSF) or if the CSF contained more than 50 neutrophils per millilitre in a patient with pneumococcaemia. Patients were defined as having bacteraemic pneumonia if they had chest signs on clinical examination and pneumococcaemia. These two categories of patients were distinguished from those with bacteraemia with no focal symptoms or signs. Patients with clinical meningitis and pneumococcaemia but normal CSF were also included in this 'bacteraemic' group.
Patient investigation and treatment
Patients were pre-counselled before HIV testing according to local guidelines, and were tested if consent was obtained (if the patient was unconscious, consent was sought from the accompanying relative or guardian). When possible, patients were offered an erect postero-anterior chest radiograph (no portable chest Xrays were taken), and simple haematological measurements were carried out. All patients suspected by the attending physician of having tuberculosis submitted three sputum samples for smear examination.
All patients were treated according to local guidelines. Patients with a clinical diagnosis of meningitis were treated with intravenous benzyl penicillin (2.4 g every 6 h) and chloramphenicol (1 g every 6 h) for a minimum of 5 days; treatment was given orally when patients were fully conscious and eating. All patients with pneumococcal meningitis were given 3 weeks of antibiotic therapy (local policy). Patients with pneumonia were treated with oral amoxycillin unless they had clinical features of severe disease -at least one of the following: respiratory rate greater than 40 per minute, systolic blood pressure less than 90 mmHg, cyanosis, confusion or multilobar disease. In severe cases, combinations of intravenous benzyl penicillin (1.2 g every 6 h) and erythromycin (500 mg every 6 h) or gentamicin (240 mg once a day) were used at the discretion of the attending physician.
Laboratory testing
HIV testing Blood samples were tested using two rapid tests (Uni-gold HIV and Serocard, Trinity Biotech, Dublin, Ireland).
Blood cultures
Blood culture was performed using 5 ml of venous blood inoculated into a single aerobic culture bottle containing 50 ml of supplemented brain heart infusion broth containing (E&O Laboratories, UK) and transferred immediately to the laboratory for manual processing.
Cerebrospinal fluid analysis CSF samples were routinely analysed for total cell count and differential white cell count. Gram stains were performed if the white cell count was greater than or equal to 10/mm 3 , and India ink staining was carried out on all except the grossly turbid samples. All samples were cultured onto sheep blood agar for 48 h in the presence of carbon dioxide (candle extinction jar), with additional broth cultures for samples with an increased white cell count. Mycobacterial and viral cultures were not performed.
Description of pneumococcal isolates
Organisms were identified using colony morphology and optochin sensitivity. Antibiotic sensitivities were tested by disc diffusion. Penicillin susceptibility was assessed with a screening technique using a 1 ìg oxacillin disc. Minimum inhibitory concentrations were not performed for any isolate. Serogrouping was carried out using the Quellung reaction observed with a set of diagnostic antisera (Statens Seruminstitut, Copenhagen, Denmark).
Outpatient follow-up
Patients participating in the follow-up study were provided with transport home from hospital and a monthly outpatient appointment. Patients failing to attend the regular follow-up clinic were visited at home. Details of intercurrent illness were recorded, and treatment prescribed as appropriate. If patients died, details of the terminal illness and date of death were recorded. No blood samples were taken on home visits, but samples were taken from patients feeling unwell at outpatient clinics. In addition, a series of blood culture samples from patients who were well was also collected at the clinic to determine if patients continued to have asymptomatic bacteraemia.
Data handling and statistical analysis
All patient data were stored in a database (MS Access 97, Microsoft Corp, USA), and statistical analyses were carried out using Stata version 6 (Statacorp, USA).
First, comparisons were made between patients with meningitis, bacteraemic pneumonia and bacteraemia. Details of the presenting history and examination findings at presentation as well as inpatient and long-term outcome were compared between these groups. Second, comparisons were made between patients who survived and those who died as inpatients. Finally, patients who died as outpatients were compared with those in whom outpatient follow-up was complete to one year. Continuous variables were compared using the Kruskall-Wallis test and categorical variables using the ÷ 2 test. Multiple logistic regression was used to determine risk factors for inpatient death with comparative risk expressed as odds ratios (OR). Cox's proportional hazard ratios (HR) were used to compare outpatient survival between groups.
Ethical review
This study was reviewed and approved by the Health Sciences Research Committee of Malawi. All subjects or their relatives gave written informed consent to participation in this study.
Results
Patients
A total of 217 patients with invasive pneumococcal disease were recruited to the observational study (see Fig. 1 to 136 (63%). A total of 82 patients had taken antibiotics prescribed by a pharmacy before admission (52% of 157 patients were able to give a full drug history).
Prevalence of known risk factors for invasive pneumococcal disease
The most common risk factors for invasive pneumococcal disease in this cohort were HIV infection and a previous history of lung disease. A total of 167 of the 217 patients (77%) consented to HIV testing, of whom 158 (95% of those tested) were HIV positive. Patients from whom consent was not obtained were more often suffering from meningitis (OR 2.2, P ¼ 0.02) or were women (OR 2.1, P ¼ 0.03). As a group, those refusing consent had a mortality rate of 72% compared with 29% in the group with known HIV status (÷ 2 30, P , 0.001). A total of 41 patients had a previous history of lung disease, of whom 24 presented with pneumonia (÷ 2 7.5, P ¼ 0.02).
There were equal numbers of men and women in the study, and although the mean age of the men exceeded that of the women (men 35.9 years, women 30.5 years; t ¼ À4.03, P ¼ 0.0001), the mortality in men and women was the same. A total of 25 patients were more than 55 years old. Less than 15% of the cohort reported ever having smoked a cigarette. Only eight patients regularly drank alcohol, and none described themselves as alcohol dependent. None of the patients had a history of liver or kidney disease, immunosuppressive medication, solid or haematological tumours, stroke or ischaemic heart disease.
Clinical features and acute outcome
Clinical features of the cohort are compared in Table 1 according to the clinical definitions described above. A total of 52 patients (26% of the group) had a chest Xray; 48 of these were patients who survived to discharge and four died in hospital (37% of patients surviving to discharge had a chest X-ray, but only 6% of those who died; ÷ 2 23.7, P , 0.001). The number of chest X-rays taken was limited by local facilities, and the ability of the patients to reach the X-ray department. Of the 52 films taken, five were reported to be normal, seven showed lobar pneumonia, 21 showed multilobar consolidation, and 19 showed abnormalities not typical of acute pneumococcal pneumonia. The latter group included predominantly bilateral basal infiltration (16) , but also bilateral apical cavitation (one), mycetoma (one), and pleural effusion later shown to be empyema (one).
Meningitis
A total of 65 patients had a diagnosis of pneumococcal meningitis (29 men and 36 women), of whom 42 died (65%) as inpatients within a median period of 2 days (range 1-9 days). Ten patients with pneumococcal meningitis also had clinical signs of chest infection, one had a knee effusion and one had otitis media. In addition, 17 patients with clinical features of meningitis or decreased consciousness level and subsequent pneumococcal bacteraemia (six men and 11 women) did not have CSF examined because they either died very quickly, refused lumbar puncture, or had a failed procedure. Of these patients, 13 (76%) died within a median period of 2 days (range 1-7 days). These cases were termed 'probable meningitis', but could not be included in further analysis because of the lack of a definitive diagnosis. 
Comparison of inpatient outcome by clinical group
The survival of patients by inpatient presentation is shown in Fig. 2a . There was no significant difference between the mean ages of patients, or their sex distribution, between the diagnostic groups (see Table  1 ). There was a significant difference between the inpatient mortality of patients with confirmed meningitis compared with pneumonia (OR 7.5, CI 3.6-15.5; P , 0.0001) or bacteraemia (OR 5.3, CI 2.3-12.5; P , 0.0001), but not between patients with bacteraemia and those with pneumonia (OR 1.4, CI 0.6-3.3; P ¼ 0.4).
Predictors of inpatient death
Three important features were predictive of inpatient death in the whole group (see Table 2 ). These were confusion on admission (OR 5.8, CI 2.9-11.3; P , 0.0001), age greater than 55 years (OR 3.8, CI 1.7-8.7; P ¼ 0.001) and hypotension (systolic blood pressure less than 90 mmHg; OR 4.8, CI 1.1-21.6; P ¼ 0.04). The OR for confusion corrected for age and hypotension was 16.1 (CI 5.1-51.1; P , 0.0001). The likelihood of survival and the presenting level of consciousness were significantly correlated. Among patients presenting with a normal Glasgow Coma Score (GCS), the mortality was 30%, compared with 50% with a GCS of between 9 and 14, and was 74% in those with a GCS of less than 9 (÷ 2 26; P , 0.001).
Subgroup analyses showed that among the bacteraemia patients who had no clinical signs by definition, age exceeding 55 years was strongly associated with a poor outcome (OR 17, CI 3.1-93.5; P ¼ 0.001). Among patients with pneumonia, hypotension at presentation was strongly associated with inpatient death (OR 10.4, CI 1.8-60.6, P ¼ 0.009). Meningitis patients had a mortality rate of 67% overall, and an OR of 6.7 (CI 3.5-12.8; P , 0.001) for inpatient death compared with other patients in the group. This difference remained significant even after correction for confusion (OR 4.3, CI 2.0-9.4; P , 0.001).
Patient long-term survival
A total of 133 patients were discharged from hospital. These patients had a median stay in hospital of 5 days, and were followed for up to 1052 days (median 414 days). Patient attendance at clinic was poor, and the bulk of follow-up was carried out actively in the community. Late in the study, patients were increasingly likely to be ill and to return to their rural homes from the city, making follow-up more difficult. A total of 51 patients (39%) died during the follow-up period, with a median survival of 330 days.
The survival curves by clinical diagnostic groups for patients discharged from hospital are shown in Fig. 1b . Despite the significantly different inpatient mortality rate between the groups with meningitis, bacteraemia and pneumonia, respectively (above), outpatient mortality did not differ between groups (37, 37 and 40%, respectively; ÷ 2 0.68, P ¼ 0.96). Outpatient mortality was also not related to age, shock at presentation or low GCS -all of which were associated with high inpatient mortality rates (see Table 2 ). Increased outpatient mortality (see Fig. 3 ) was associated with multilobar chest signs (HR 2.1, CI 1.2-3.8; P ¼ 0.01), oral candida (HR 1.8, CI 1.1-3.3; P ¼ 0.03), and anaemia (HR 3.9, CI 1.5-10; P ¼ 0.005), although haematological data were only available for 53 out of 133 patients followed-up.
Isolates of Streptococcus pneumoniae: source, antibiotic resistance and serogroups
All isolates in this study were obtained from normally sterile sites in symptomatic patients. Early in the study, 130 blood cultures were taken from asymptomatic clinic attendees to establish if patients had asymptomatic bacteraemia. None grew S. pneumoniae. During this time, recurrent invasive pneumococcal disease was diagnosed by blood culture in four symptomatic patients during the study, along with one case each of Acinetobacter, Citrobacter and non-typhoidal salmonella.
A total of 145 isolates (145/173; 84%) from blood cultures and 55 isolates (55/63; 87%) from CSF culture were found to be fully sensitive to penicillin. There was no increase in inpatient, outpatient or overall mortality in the patients from whom the resistant isolates were obtained compared with patients with penicillin-sensitive isolates. Antibiotic sensitivity was also determined for erythromycin (99%), chloramphenicol (76%), tetracycline (50%), and co-trimoxazole (6%). No significant difference was found in the antibiotic sensitivity of blood and CSF isolates.
A total of 119 pneumococcal isolates were serogrouped in our laboratory using diagnostic antisera (Pneumotest, Statens Seruminstitut, Denmark); 73% were found to be in the serogroups covered by the 23-valent pneumococcal polysaccharide vaccine. In the table, the three features confirmed by regression analysis to be most associated with inpatient mortality are presented together with their associated odds ratio (OR) and the confidence interval (CI) and P value. The same features were then examined for any predictive value on long-term outcome and the associated hazard ratio (HR) and CI and P value are presented in the right-hand panel. In the lower panel, the reverse process was carried out, that is, features associated with a poor long-term prognosis were examined for their predictive value on inpatient mortality. It can be seen that factors associated with poor acute outcome are different from those predicting poor longer-term survival.
Discussion
We have described clinical features and outcome in a cohort of 217 consecutive patients with invasive pneumococcal disease in a resource-deprived environment in which the majority of patients are HIV infected. A total of 39% of patients died of their acute illness, and only 38% of the cohort remained alive at the end of the 18-month study period. Pneumococcal disease is a very different illness in Africa from that experienced in most western hospitals.
Three modes of presentation were observed -meningitis, with an inpatient mortality rate of 65%, and pneumonia and bacteraemia, with inpatient mortality rates of 20 and 26%, respectively. Despite the difference in disease severity at presentation, survivors of these groups had equal long-term survivals.
The factors associated with inpatient death were confusion or lowered coma score, age greater than 55 years and hypotension. The median time to death was 2 days from admission to hospital. These data suggest that the patients who died in this series might not have been saved with altered medical therapy [16] , but rather with a change in health-seeking behaviour or healthcare delivery, resulting in earlier admission to hospital. Over 50% of patients in this series had been treated in community pharmacies before admission, however, and many patients had approached both traditional healers and dispensary physicians before being admitted (Table 1) . There is evidence, therefore, that healthcare provision, rather than health-seeking behaviour, must be improved to alter the mortality rate of this disease. In our hospital, less than 2.5% of patients presenting to the emergency department are admitted to medical wards (9800/395 000, 2.4%), as bed occupancy is already between 100 and 200%.
The mortality rate during outpatient follow-up in this study was 31% per year. Patients were followed in the community for up to 1052 days (median 414 days). During this time, 39% of the cohort discharged from hospital died. This overall mortality rate is similar to that of larger studies, in which unselected HIV-infected patients were followed in a similar setting [9] . The design of this study does not allow the determination of whether pneumococcal infection is itself a poor prognostic factor in HIV-infected adults.
We found three main factors to be associated with poor outpatient outcome in this study: anaemia defined as haemoglobin less than 7 g/dl (OR 7), oral candidiasis (OR 3.4), and multilobar pulmonary disease (OR 4.6). None of these factors was associated with acute inpatient death. The association of severe anaemia with poor outcome in HIV-infected patients (c) All patients with a recorded haemoglobin result (n ¼ 53) were divided according to whether or not they had anaemia (Hb , 7 g/dl at presentation, n ¼ 16) or not (haemoglobin . 7 g/dl, n ¼ 37). There was a significantly increased mortality rate in patients with multilobar disease compared with the rest of the group [hazard ratios (HR) 2.1, 95% confidence intervals (CI) 1.2-3.8; P ¼ 0.01]. There was also increased mortality in the group with oral candida compared with those without oral candida (HR 1.8, CI 1.1-3.3; P ¼ 0.03), and among patients with anaemia compared with those without anaemia (HR 3.9, CI 1.5-10.1; P ¼ 0.005). Absent has been noted by other authors [17] [18] [19] , and may be partly caused by Mycobacterium tuberculosis infection involving the bone marrow, as well as concurrent viral infections and nutritional deficiencies. Unfortunately, the haematology data in this study are limited, and no information about the causes of anaemia was obtained. Oral candidiasis is a feature of HIV disease progression, and as such the association with poor outcome is unsurprising. Multilobar chest signs may reflect the severity of pneumococcal disease, but could alternatively result from M. tuberculosis infection or pulmonary malignancy.
What strategies for improved care can be developed from these observations? First, all patients presenting with pneumococcal infection in areas of high HIV prevalence must be suspected of being co-infected with HIV, and are therefore likely to have a poor prognosis in the longer term. Second, the multilobar chest signs described as being associated with poor outcome among outpatients are suggestive of dual pathology, and especially of tuberculosis. A recent study of pneumonia patients in Kenya has demonstrated that tuberculosis is under-diagnosed among patients presenting as an emergency [20] . Sputum examination for acid-fast bacilli in all inpatients with chest signs may be justified but will create an extra burden on already strained resources [21, 22] . Present practice is to examine sputum from patients with a history of cough of 3 weeks' duration, hence the very low rate of sputum examination in this series. The observations in this study supported Scott et al. [23] in their suggestion that more patients should have sputum examination carried out during hospital admission.
The substantial difference in outcome observed between severely anaemic patients and those with a haemoglobin level above 7 g/dl (median survival 282 days compared with 648 days) is based on a small number of subjects (n ¼ 53), but merits further investigation. Nutritional support and the treatment of other infections could potentially make an important difference, but these strategies are untried. It is more likely, however, that the prognosis for these patients would only improve with HAART.
The prevention of pneumococcal disease in Malawi remains an important goal. The 23-valent pneumococcal polysaccharide vaccine has been shown to be ineffective in primary prophylaxis in HIV-infected adults in Africa [9] , but conjugate vaccine trials have yet to report, and secondary prophylaxis with either type of vaccine remains untried. Antibiotic prophylaxis with trimethoprim-sulphamethoxazole has been shown to reduce HIV-associated morbidity in West Africa [24] , but no clear results of this kind have yet been reported from other sub-Saharan regions, including Blantyre, where there is a high rate of cotrimoxazole resistance in pneumococcal isolates [10, 25] . 
